Introduction
For over decades the traditional gravity model has been successfully applied to flows of the most widely varying types, such as migration, flows of buyers to shopping centres, recreational traffic, commuting, patient flows to hospitals and interregional as well as international trade. The model specifies that a flow from origin i to destination j is determined by supply conditions at the origin, by demand conditions at the destination and by stimulating or restraining forces relating to the specific flow between i and j. In a context of international trade the traditional gravity model usually has the following form: 
where X i,j is the value of trade between countries i and j, Y k and N k are the Gross Domestic Product (GDP) and the size of the population, respectively, of country k, and D i,j and P i,j denote the distance between countries i and j and a possible special preference relationship, respectively. The gravity model of bilateral trade has become the workhorse of applied international economics (Eichengreen and Irwin, 1998) and has been used in any number of contexts. 2 Some authors assume that the size of the population has no impact, thus β 2 = β 4 = 0, which renders the resemblance to Newton's Law of Gravity even more obvious.
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The empirical results obtained with the model have always been judged as very good. Deardorff (1998) argues that the model is sensible, intuitive and hard to avoid as a reduced theoretical model to explain bilateral trade. Yet the gravity model has some serious imperfections. One is the absence of a cogent derivation of the model, based on economic theory. Several authors have tried to provide the model with such a theoretical basis, using models of imperfect competition and product differentiation, notably Anderson (1979) , Bergstrand (1985) , Helpman and Krugman (1985) and Anderson and Van Wincoop (2003) , whereas Deardorff (1998) proves that the model is also consistent with the Heckscher-Ohlin trade theory under perfect competition. However, none of these derivations generates the gravity model exactly as formulated in Equation (1). 4 This equation could only be approximated under a number of restrictive and unrealistic assumptions, as has been made clear by Bergstrand (1985) .
functions are discussed in Section 2.7. The supply and demand system consists of the following four equations: 
Aggregate supply s i
E represents the total foreign supply of country i, C i , its potential foreign supply and p i the domestic price of its exports, actually a price index, since the export covers a mix of commodities (λ > 0). The potential foreign supply depends on, inter alia, the productive capacity for tradeable goods, which is proportional to Gross Domestic Product (Y i ) if the ratio between productive capacity for tradeable and non-tradeable goods were equal in all countries. A theoretical micro-economic foundation of this supply equation can be found in Bergstrand (1985) , whose Equation (8) is -after summation over j -virtually equal to Equation (3), under a simplifying assumption -absence of price discrimination (i.e. p i,j = p i for all i). Bergstrand uses the same assumption to obtain an applicable model.
Aggregate demand d j
I denotes the total foreign demand of country j, B j its potential foreign demand, 7 p j the price level of domestically produced tradeable goods (π < 0), 8 and q j an index indicating the attractiveness of the whole commodity mix offered by all the exporting countries together (ρ > 0). This index varies per country because of the different distances between the importing and exporting countries. It also depends on the foreign export prices, and functions in Equation (4) as a foreign price in the traditional import equation, see Stern et al. (1976) . 7 Potential foreign demand depends among other things on national income (Y j ) as a scale factor. 8 Equation (4) assumes imperfect substitutability between domestically and foreign-produced tradeable goods.
Geographical allocation of demand
The supply and demand system consists of n markets, one for each exporting country. These markets are separated from one another by distances. On each market m countries act as demanders. The demand from each importing country is distributed over the n markets. The demand from country j for products of country i is 
where ∝ denotes 'proportionate to', The shares of Equation (7) must add up to 1, due to the restriction
which is automatically met if
is specified as in Equation (5). This equation describes the preference of country j to buy products from country i and has the form of the multinomial logit model, which is widely applied to specify choice processes and is provided with a theoretical foundation by means of a derivation from utility functions, cf. Daganzo (1979) .
Some or all of the importing and exporting countries may coincide. However, the supply and demand system does not involve domestic supplies and deliveries. So, X j,j may be excluded from Equations (5)- (7) and the summations then read: k = 1,..., n; k ≠ j. This will also hold for the following equations.
Attractiveness index
The index q j denotes the extent to which producers satisfy consumers of j, cf. Daganzo (1979) . Equation (4) which contains q j is based on the assumption that the reasons why country j prefers to buy products from country k (see Equation (5)) will also play an important role in deciding how much will be bought (see Equation (4) P for k = l, ...., n are proxies for transportation costs and lower tariff rates for preferential trading arrangements, respectively.
Bilateral demand
The bilateral demand equation follows from substitution of (4) and (6) into (5):
A theoretical foundation of this equation is given by Bergstrand (1985) . Under the assumption of absence of price discrimination mentioned above, his Equation (4) is in fact equal to Equation (5'), where
Equilibrium
In export market i price p i balances total supply and aggregate demand (for each i):
The equilibrium prices can be derived from:
Equations (6) and (9) form a simultaneous system: p i depends on q l and p l (note: 1 ≠ i). and q l on p i , et cetera. It can be proven that this system has a unique solution. This unique solution provides the equilibrium prices and, by substitution in the other model equations, the equilibrium values of imports, exports and the index. The equilibrium model obtained in this way cannot be applied empirically in its present form, because the simultaneous set of equilibrium prices p i from Equation (9) and index values q j from Equation (6) can only be calculated from exogenous variables, given the unknown parameters π, λ and µ. An empirically useful model can be obtained if the unidentified system of prices and indices is rewritten into an identified set of indices α i and β j . These indices are defined as follows:
The interpretation of these indices is given in the next section. Replacement of p i and q j with functions of α i and β j yields a system that is expressed exclusively in α i and β j , and no longer in p i and q j . E . This set is identified because, given ε 1 and ε 2 , it can be calculated (iteratively) with observable variables: I j , E i , D i,j and P i,j , while ε 1 and ε 2 can be estimated without information about α i and β j , see Equation (22) in Section 3.
The equilibrium model expressed in α i and β j is:
The properties of this model are analyzed in Section 3.
2.7
Alternative theoretical foundations of the extended gravity model Anderson and Wincoop (2003) , abbreviated to A&W, derive a comparable EGM from a CES preference function, thereby providing a very elegant micro-economic foundation for that model. (Anderson, 2009 ). The symmetric trade barrier assumption, however, is far from trivial, as shown below. Bergstrand (1985) derives a type of EGM using double constant-elasticity-of-substitution (CES) utility functions for consumers and double constant-elasticity-of-transformation (CET) joint production surfaces for producers. He specifies supply and demand for each trade flow X ij , but links their aggregates over i and j to the respective countries' national incomes. Bergstrand's equilibrium model for X ij resembles Equation (14) and the model of A&W, but deviates in that it uses different substitution elasticities on the foreign and domestic markets.
Redding and Scott (2003) and Redding and Venables (2004) derive an EGM rather comparable to that of A&W and this paper, using Cobb-Douglas preference and production functions. They define (foreign) market access and and (foreign) supplier access identical to our indices α i and β j , which can be rewritten in prices and price indices. Their model is more restricted as the exponential parameters of market access, supplier access and distance are all equal to σ-1 or 1-σ. The 'new economic geography' wage level in their model is a function of these access variables, which in turn depend on prices. This approach has also been applied by Bosker and Garretsen (2009) and Boulhol (2009) . ). Behrens et al. (2007) develop a gravity model, which is a simplification of the various models above, as it contains only one set of indices, supplier access, instead of two (ignoring market access). 11 Similarly, Anderson (1979) presents in Equation (16) a gravity model with market access, ignoring supplier access.
For the application of the gravity model to world trade, the A&W foundation is most elegant. However, the derivation in Sections 2.1-2.6 above has two advantages. First, it applies to a wider set of applications.
Earlier, the EGM has been applied to flows of hospital patients from resident areas to hospitals (Bikker and De Vos, 1992a) . Other potential applications are the international trade in single commodities (such as oil), commuter traffic, migration flows, and flows of shoppers to shopping centres, students to schools, tourists to holiday destinations, et cetera. In those cases, origin and destination regions do not coincide, contrary to the symmetry between origin and destination regions commonly found in general international trade.
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Second, Sections 2.1-2.6 explain clearly that the attractiveness of a country's trade partners (or 'other countries'), given its geographical location, may differ substantially for its imports and its exports. These sections propose the distinct indices α i and β j as measures of the geographical attractiveness of, respectively, exports and imports. A&W come up with two distinct sets of price indices, defined similarly to these indices, but the two sets of price indices coincide under the symmetry trade barrier assumption.
Such symmetry is likely with respect to distances and preferential relations due to economic unions, ties with former colonies, et cetera. International trade between two countries depends also heavily on the correlation between the supply by product types of the exporting country and the demand by product types of the importing country. This applies in particular to commodities. Behrens et.al. (2007) Finally, we notice a few further, though not essential, differences between A&Ws foundation and the derivation given above. A&W include demand for and supply to domestic consumption. 13 This inclusion is essential for their derivation, because their (theoretical) model is based on countries' total demand and total supply. Two remarks are in order. First, inclusion of domestic consumption and production is elegant as substitution may be expected between domestic and foreign demand. For domestic consumption and production it is quite common to distinguish between tradeables and non-tradeables (e.g. Anderson, 1979; Bergstrand, 1985) . A&W assume demand substitution among exporter countries to be the same as substitution between foreign and domestic demand, which is less plausible as the substitution between foreign tradeables and domestic non-tradeables is likely to be close(r) to zero. For that reason, Bergstrand assumes different degrees of substitution between demand from various foreign countries and between foreign and domestic demand. In practice, statistics do not exactly distinguish between domestic tradeables and non-tradeables. For that reason, Section 2.2 excludes domestic tradeables (as empirical 12 The symmetric trade barrier assumption does not hold true for the international trade of a commodity with a limited number of supply countries. Furthermore, trade data sets may be incomplete, for instance because some trade flows are reported as zero or are in fact absent. 13 Note that consumption also includes investment goods.
application goes with practical issues), but includes the price level of domestically produced tradeable goods (p j ) in the demand equation (4) so as to take possible substitution into account. This results in a more complex equilibrium equation of imports (13), deviating from the A&W equation.
14 There is a second argument why inclusion of domestic consumption and production, the diagonal elements of the trade matrix, are often excluded in practice, although they may appear elegant in the theoretical derivations. In the gravity model all trade flows depend on the distances between pairs of exporting and importing countries, but, in practice, the specification of the distance between producers and consumers within a country is a thorny issue (e.g. Smith, 1999, p. 29, Head and Mayer, 2009 ). Often no trade costs are assumed, that is, the effect of distance is set at zero (ln(D ii ) = 0). For a better solution, though somewhat arbitrary, see Equation (15) in Bosker and Garretsen (2009) . Behrens et al. (2007, p. 8) raise the problem that explanatory variable GDP i is not exogenous to the dependent variable 'domestic consumption' (or production) X i,i . Note that the diagonal elements of matrix X may be either included in or deleted from the derivations in Sections 2.1-2.6 above without any change in the theoretical results, apart from the respective interpretation: in the inclusion implies that total production and consumption are described (in fact, national income), 15 whereas exclusion means that the model refers to imports and exports only. 16 Hence, it is not needed here to make a principle choice.
THE EXTENDED GRAVITY MODEL
For empirical application of the equilibrium model thus obtained, it is necessary to specify the concepts of potential foreign supply, C i , and demand, B j . Potential foreign supply depends on productive capacity, proxied by Gross National Product, Y i , and on market size (approximated by population, N i ). The latter is based on the assumption of economies of scale: the larger N is, the higher is the number of production lines for which the country will meet the minimum market size for efficient market production. The larger N, therefore, the larger the domestic market will be in relation to the foreign market, and the smaller the potential foreign supply. Other lines of reasoning for N i in the export equations can be found in Leamer and Stern (1970) , Krugman (1979 Krugman ( , 1980 and Brada and Mendez (1983) , see also Linnemann (1966) , Leamer (1974) and Chenery and Syrquin (1975) . An alternative explanatory variable is the country's surface area A i , which may reflect size, occurrence of mineral resources, and average distance to foreign countries. In this paper, areas are used in variants only. The variables Y j and N j determine potential foreign demand, using the same arguments as were applied to potential foreign supply.
Thus, the following equations are obtained.
Note that Equations (12)- (13) do not impose restrictions on the coefficients in Equations (15)- (16). In our empirical application the variable α i in Equation (15) Due to the observed rough symmetry between imports and exports (E k ≈ I k ), there appears to be a strong correlation between α i and β j (in 2005: 0.92), which may cause multicollinearity. Not only in the empirical section but, for convenience, in this section as well, Equation (15) is replaced by:
Substitution of Equations (16) and (17) into (14) produces:
Comparison of the Extended Gravity Model to the traditional gravity model.
This equation clearly shows that γ 1 = δ 1 = 1 corresponds to the standard gravity model, cf. Equation (1).
The theoretical meaning of these restrictions becomes clear after comparison of Equations (15) and (16) with (13) and (12): δ 1 = ρ and γ 1 = λ/(λ -µ). The restrictions in 'background' parameters are ρ = 1 and µ = 0 or λ = ∞, respectively. The interpretation of these parameters follows easily from the rewritten supply and demand system:
So, ρ = 1 means inelasticity of the demand for q j , the extent to which producers satisfy consumers of country j or, phrased differently, the attractiveness for country j of the goods of all other exporting countries together. The extreme case of perfectly elastic supply, λ = ∞, relates to another market system where equilibrium is met not by price adjustment but by quantity adjustment. As this is not a likely market system for aggregated trade flows, the relevant restriction is µ = 0, meaning no cross-price elasticy in the demand equation. Therefore, the hypotheses which produce the traditional gravity model are demand inelasticity to the attractiveness index q and cross-price inelasticity of demand. These hypotheses will be tested in Section 4.
Indices of the geo-economic position
The indices α i and β j play a pivotal role in the extended gravity model. They are interpreted as follows: β j is an index of the attractiveness to country j of the goods offered by the exporting countries, weighted by the distance (see Section 2), or -in other words -a mean distance between country j and the exporting countries, weighted by the attractiveness to country j of the goods offered; an index of the geo-economic position. Because of the symmetry in model structure (with respect to import and export countries), α i can be called the attractiveness of country i's sales market, weighted by the distance to the importing countries. One may also consider Equation (10) in which α i depends upon the weighted potential foreign demand (mainly purchasing power) of the importing countries, B j . The occurrence of 1 − j β in the terms of index α i can be explained as follows: country j will be the more attractive to country i to sell to as the latter suffers less from competition by other exporting countries. As noted above, α i and β j are highly correlated.
Equations (16) and (17) show how exports and imports each depend upon the geo-economic indices concerned. It is to be expected that γ 1 > 0 and δ 1 > 0. Other names for these indices or closely related indices are (foreign) market access and (foreign) supplier access (Redding and Scott, 2003) , inward and outward multilateral resistance terms (Anderson and Van Wincoop, 2003; Anderson, 2009) , remoteness indices, balancing factors (Wilson, 1967) , and spatial competition (Behrens et al., 2007) .
Substitution structure
The coefficients 1 -γ 1 and 1 -δ 1 are interpreted as the degree of substitution between flows of similar origin and similar destination, respectively. To explain that, we imagine that, owing to economic integration, trade preference between two countries, say i 0 and j 0 doubles, thus 
Econometric issues
To apply the EGM empirically, disturbance terms are added to the logarithms of Equations (16)- (18).
These terms must meet the restrictions to which the model is also subjected, i.e. flows X i,j should add up over the rows to imports (I j ) and over the columns to exports (E i ). At the same time this means that the sum of the imports equals the sum of the exports: Σ j I j = Σ i E i . The latter restriction implies that stochastically exports and imports cannot be specified independently. A simple solution of this problem is to specify one of the two equations in terms of deviation from the level, and to let the other one determine the level. For estimation results, predictions, etc., it does not matter which equation is selected. We choose the following specification:
where ~ denotes 'in deviation from the arithmetic mean'. In Equation (20), the transformation ~ refers to, respectively, ln I i , ln β j , ln Y j , ln N j and w j (and hence not to I i , β j , etc.). Both equations are conditional upon calculated values of α i and β j . To keep the estimation procedure simple, E i and I j in the formulae of α i and β j -see Equation (11) -are replaced by estimations of the corresponding expectations. The indices are 17 It can be proved that the EGM with γ 1 = 0 and/or δ 1 = 0 corresponds to one of the so-called constrained gravity models originating in regional economics, cf. Wilson (1967) . 18 As found earlier, these restrictions relate to demand inelasticity to the attractiveness index q and cross price inelasticity of demand. then (re)defined as follows -where, for convenience, the same names are employed for these nonstochastic indices: The restrictions on X i,j imply that, after taking logarithms, the arithmetic means over i and, subsequently, over j can be subtracted from Equation (18) without losing any statistical information. This eliminates all the terms which depend solely on i or solely on j:
in which ≈ denotes 'in deviation from the arithmetic means over i and, subsequently, over j'. In Equation (22), the transformation ≈ refers to, respectively, ln X i,j , ln D i,j , ln P i,j and u i,j . Equation (22) only reflects the geographical distribution or a (gravity) model with two sets of fixed effects for import and export countries (compare to Feenstra, 2002 Feenstra, , 2004 . Statistically Equation (22) corresponds to the traditional analysis-of-variance model. Equations (19)-(22) add up to the Extended Gravity Model (EGM), which will be applied to international trade in the next section. Note that Equations (19), (20) and (22) successively determine n, (m-1) and (n-l) (m-1) degrees of freedom, therefore together exactly nm.
The three model equations can be estimated with OLS. The estimation procedure is as follows:
(1) first ε 1 and ε 2 are estimated with OLS: 1 ε and 2 ε ;
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(2) α and β are calculated iteratively given 1 ε and 2 ε , given initial values for the gammas and deltas, e.g. If the disturbance terms are normally distributed, the total likelihood function can be formulated and therefore the most likely estimates can be calculated. These estimates may depart slightly from the OLS estimates, since through the indices in Equation (21) the imports and exports equations may contain information about the estimates of ε 1 and ε 2 from the allocation Equation (22). Maximum likelihood estimates can be calculated with a numerical estimation procedure.
Estimation results
This section applies both the traditional gravity model and the EGM to international aggregated trade flows between 178 countries. As diagonal elements relate to domestic supplies and deliveries, they have Table 1 shows estimation results of the common gravity model and our extended version of it. A number of preference variables have been added to the model, which will be explained below. We present results of two variants of the EGM, the EGM with standard α and β, as introduced above, and the EGM based on α and β which include the allocation residuals j i u , : The latter can be seen as more precise, because they include also the information about the geographical allocation as contained in the omitted variables, such as the correlation between the composition in terms of products between supply of the export country and demand of the import country. Bosker and Garretsen (2009) show how extreme sensitive the (market access) indices are with respect to the specification of the trade costs model (or geographical allocation model) when applied in a new-economic-geography wage function. Inclusion of the allocation errors would solve that problem to a large extent. Estimates of the models including also the surface area of importing and exporting countries can be found in Appendix B.
The parameter estimates of both the traditional and the extended gravity model seem to correspond fairly reasonably to what has been found by other authors. However, the interpretation of the extended gravity model will appear to be quite different. Before examining the parameter estimates in detail, we will discuss the major difference between the gravity model and the EGM.
Comparison of the gravity model with the EGM
The gravity model is a special case of the EGM. The models are equal if two sets of restrictions are imposed on the latter. The first set concerns the substitution between flows, which is lacking in the gravity model, owing to the two restrictions γ 1 = δ 1 = 1. The second set regards the error structure. Comparison of
Equations (19), (20) and (22) with (14) shows that the EGM has an error with a variance components structure:
. This error structure reduces to an ordinary one (u i,j ) only if a special relation between the standard deviations σ v , σ w and σ u holds:
A Wald test on the two restrictions γ 1 = δ 1 = 1 (that is, a gravity model with a variance components error structure) makes clear that these restrictions (and thus the traditional gravity model) are rejected in favour of the EGM with a well-nigh maximum conviction. Earlier calculations have revealed that the -from an economic point of view -less crucial restrictions on the standard deviations of the errors terms are rejected with even more confidence, supporting the rejection of the traditional gravity model (Bikker, 1987) .
The EGM has also been compared with the gravity model in a second way. This way is inspired by the fact that interest in total imports and exports per country is often greater than in individual trade flows.
When the country aggregates of the gravity model are compared to those of the EGM, the gravity model again proves to be strongly defeated by the EGM -for their standard deviations of total exports and total imports residuals appear to be well over 50% higher than those of the EGM. Moreover, the gravity model rather heavily overestimates the actual totals, but this could be due in part to problems of interpreting the constant in a log-linear model, see Teekens and Koerts (1972) . 21 Some elements of the analysis become a little more complex if observations are lacking, as is the case here. One element is the restriction (24) which in this empirical application is actually formulated somewhat differently.
Another is the reduction of Equation (18) to (22): the transformation ≈ now requires more calculations. A third relates to the Jacobian required to transform the dependent variables of the EGM into those of the gravity model. In all cases the problems are purely technical and have been fully solved, see Bikker (1982) .
Interpretation of the EGM parameter estimates
On the face of it, most parameter values of the gravity model and of the EGM do not differ much, especially not in the equations for imports and exports, whereas it is exactly here that some differences might be expected, because of the diverging coefficients of the indices (0.106 versus 1 and 0.230 versus 1, see Table 1 , standard α and β). Closer examination, however, shows that the EGM parameters clearly have a different meaning from those of the gravity model. This is because each explanatory variable also occurs in both indices and therefore affects the modelled trade flow along three channels. Therefore, the overall effect is not immediately apparent. Of course, the effect of a variable can always be determined with a model simulation. However, it is also possible to interpret the parameter estimates analytically. For it can be demonstrated that the effect of (changes in) Y or N from the export equation on X i,j equals γ 2 or γ 3 , respectively, each multiplied by:
that is, provided there is an equal proportional change in Y or N in all exporting countries. We call the coefficients multiplied by (25) overall-effect elasticities. They are immediately comparable with the parameters β 1 and β 2 from the gravity model. The overall effect elasticities of the import equation (apart from δ 1 itself) and the distribution model are obtained analogously by multiplying the corresponding parameters with, respectively:
The overall effect elasticities are shown in Column 3 of Table 2 . The effects on trade flows of GDP and population of the imports and exports model have been added together because in this empirical example importing and exporting countries coincide, so that a change in e.g. all GDPs will affect the modelled trade flow along the import side as well as the export side. Remarkably, nearly all overall effects of the EGM are much smaller than those of the gravity model. Owing to substitution, part of the initial effects leak away. This effect is similar to the lower 'border effect' between the US and Canada measured by the EGM of Anderson and Van Wincoop (2003) , including the multilateral resistance terms, compared to the traditional gravity model of McCallum (1995) , see also Behrens et al. (2007, p. 8 ).
If we recalculate the elasticities in Table 2 on the EGM with α and β with residuals j i u , instead of the standard EGM α and β, we obtain largely identical results (see third and fourth row in Table 2 ). This illustrates that different values of the coefficients of α and β (that is, γ 1 and δ 1 ) should not be considered separately but together. 
Individual parameter estimates
The estimated coefficients of α i and β j of the standard EGM are 0.106 (γ 1 ) and 0.230 (δ 1 ), respectively.
They prove that the EGM provides a better description of international trade than the gravity model, as γ 1 < 1 and δ 1 < 1. On the other hand, they show that countries' exports and imports depend significantly on The EGM coefficients of the GDPs of import and export countries suggest that a 1% growth of the world economy leads to a somewhat more than proportional increase in international trade flows of 1.22%, see
Column 3 of Table 2 . This corresponds to past observations. This contrasts, however, with the more than 'quadratic' increase in trade suggested by the gravity model, see Column 1. Remarkably, exports outgrow GDP (γ 2 is 1.10), whereas import grow lags behind GDP grow (δ 2 = 0.91). The size of the population reflects scale economies: large countries are more autarkic. Their effects are in line with expectations, but the population coefficients are small compared to the values observed in the past. Apparently, the optimal scale becomes larger over time: even large countries cannot afford to produce for the domestic market alone.
Distance is the major allocation variable. Its coefficient in the EGM approaches the parameter in Newton's law. The coefficient is higher than observed in the past, as also found in a survey by Linders (2006) . Our value is at the highest end of the observed estimates. This may reflect a world-wide convergence of prices, so that transportation costs count more heavily (Estevadeordal et al. (2003) and Anderson and Van Wincoop, 2004) . Further, the allocation model includes the following preferential dummy variables, which reflect the intangible barriers to trade related to cultural differences, institutional conditions and differences other than those embodied by mere distance ( 23 This might be due to measurement errors: even a minor error in the determination of the -relatively small -distances between EU countries would greatly affect the EU coefficients, as the EU countries lie closely together (see Head and Mayer, 2009 ). Comparisons over time could reveal the true EU impact on international trade. 24 The R-squares make clear that we are able to explain only a minor part of the variation in the allocation (R 2 = 33.0), compared to that in the imports (R 2 = 92.9) and exports (R 2 = 91.0).
The indices of the geo-economic position
The index α i can be called the attractiveness of country i's sales market, weighted by the distances to the respective importing countries, whereas β j is an index of the attractiveness to country j of the goods offered by the respective exporting countries, again weighted by distance. Table 3 
CONCLUSIONS
The The EGM can be applied usefully to a wide variety of subjects, see e.g. Bikker and De Vos (1992a) on patient flows to hospitals. Apart from the log-linear regression model, the EGM also encompasses the production-constrained, the attraction-constrained and the so called doubly-constrained gravity models originating in regional economics, cf. Wilson (1967) , and of the analysis-of-variance model, see Cesario (1973) and Wansbeek (1977) . From a statistical point of view, the EGM has well-defined properties.
Empirical application requires more calculations than in the case of the traditional gravity model.
However, the applications show clearly that the effort pays off.
common languages dummies, the first one based on the fact that two countries share a common official language, and the other set to one if a language is spoken by at least 9% of the population in both countries. Trying to give a precise definition of a colonial relationship is obviously a difficult task.
Colonization is here a fairly general term that we use to describe a relationship between two countries, independently of their level of development, in which one has governed the other over a long period of time and has contributed to the current state of its institutions. Other dummy variables for Common Wealth Membership, CFA Membership, formerly communistic countries, former Members of the Soviet Union, former Members of the Warsaw Pact, Membership of the EU6, 9, 12, 15, or 25 are from various sources (e.g. Wikipedia). 
Appendix B. ESTIMATES OF VARIANTS ON THE MAIN MODELS

